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1 Helton
$M$ , $\hat{H}$ $M$ 1
. $\hat{H}$ $0\leq e_{1}\leq e_{2}\leq\cdots\uparrow\infty$ . , $\lambda>0$
$\mathrm{R}$ $I$ ,
$N(\lambda)$ $=$ $\{j\in \mathrm{N};e_{j}\leq\lambda\}$ ,
$N(\lambda, I)$ $=$ $\#\{(j, k)\in N(\lambda)\cross \mathrm{N}_{)}e_{k}-e_{j}\in I\}$
.
1 $\tau$ $\{e_{j}-e_{k}\}_{j,k\in \mathrm{N}}$ (cluster point) 2 $\tau$
2 $\lim_{\lambdaarrow\infty}N(\lambda, I)=\infty$ . 2
$D\sigma(\hat{H})$ .
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1 $\tau$ $\{e_{j}-e_{k}\}_{j,k}\in \mathrm{N}$ 1
2 $\mathrm{N}^{2}$ ( ) $\{(j_{l}, k\iota)\}i=1\infty$ , $\lim_{larrow\infty}(e_{k_{l}}-e_{jl})=\tau$
.
1 $\{e_{k}-e_{j}\}$ 1
. 2 1 , $j\iota=.k_{l}=l$ 2 $\{(jl, kl)\}$
2 $e_{k_{l}}-e_{j_{l}}=0$ $f0$ 1 .
2 $M$ $n$ , $\hat{H}$
, $\hat{H}$ 2 $\lambda_{p}=\sqrt{p(p+n-1)}$ ($p$ $0$ )
$|\sqrt{p(p+n-1)}-\sqrt{q(q+n-1)}|\geq|p-q|$ (1)
20 .
, 1 )Helton .
1(Helton) $\hat{H}$ . ,
2 $D\sigma(\hat{H})=\mathrm{R}$ .
$\hat{H}$ , .
2(Helton-Guillemin) $\hat{H}=\sqrt{\triangle_{M}}$ ( $\triangle_{M}$ $M$ )
. . 2 2 $T>0$
$D \sigma(\sqrt{\triangle_{M}})=\{\frac{2\pi n}{T} ;n\in \mathrm{Z}\}$ . $T$
.
2 2 $\hat{H}$ 2
2 2
$([\mathrm{W}])$ . 2 1, 2 2 $\hat{H}$ 1
. 2 $\mathrm{R}^{2}/\mathrm{Z}^{2}$ ( 2
) $4\pi^{2}|\alpha|^{2}(\alpha=(\alpha_{1}, \alpha_{2})\in \mathrm{Z}^{2}$ ,
$|\alpha|^{2}=\alpha_{1}^{2}+\alpha_{1}^{2})$ 2 $4\pi^{2}$ , $D\sigma(\triangle)\subset 4\pi^{2}\mathrm{Z}$ .
1 $M=S^{n}$ ( 1 ) $\hat{H}=\sqrt{\triangle_{NI}}$ . $M$
$2\pi$ .- , $\hat{H}$ 1 . $n$ $p_{l}=l+n$ ,
$q\iota=l(l\geq-n)$ . , $e_{k_{l}}=\lambda_{Pl},$ $e_{j_{l}}=\lambda_{q\iota}$ { $j\iota,$ $k_{\iota)}$
, $e_{k_{l}}-e_{j_{l}}arrow n(larrow\infty)$ . , $e_{k_{l}}-e_{j_{l}}arrow\tau\in \mathrm{R}(iarrow\infty)$
$(j_{l}, k\iota)$ , $e_{k_{l}}=\lambda_{p_{l}},$ $e_{j_{l}}=\lambda_{q\iota}$ $p\iota$ ) $q\iota$ , (1)
, $p_{l}-q\iota$ , $l$ Pl–ql $=$ .
$\tau\in \mathrm{Z}$ .
107
2 $M=T^{2}=\mathrm{R}^{2}/\mathrm{Z}^{2}$ (2 ) , $\hat{H}=\sqrt{\triangle_{M}}$ .
. $\hat{H}$ , 2 . $\tau=q/p\in \mathrm{Q},$ $p,$ $q>0$
, $\alpha_{l}=(2pq\iota^{2},0),$ $\beta_{l}=(2pql^{2},2q\iota)\in \mathrm{Z}^{2}$ , $2\pi|\alpha_{l}|,$ $2\pi|\beta_{l}|$ $\hat{H}$ ,
$e_{j_{l}}=2\pi|\alpha_{l}|,$ $e_{k\iota}=2\pi|\beta_{l}|$ $(j\iota)kl)$ , $e_{k_{l}}-e_{j_{l}}arrow 2\pi q/P(larrow\infty)$
. $i\iota$ $2\pi \mathrm{Q}\subset D\sigma(\hat{H})$ .
$D\sigma(\hat{H})$ , $2\pi \mathrm{Q}$ $\mathrm{R}$ $D\sigma(\hat{H})=\mathrm{R}$
.
1, 2 , 1
,
. , $-$ ,
. , 2 -1 magnetic flow (











$n$ $(M, g_{M})$ $S^{1}$ $\pi$ : $Parrow M$
, $P$ 1 $$ 1 . $$ 1
, $S^{1}$ - , $(\partial_{\theta})=1$ 1 .
$\partial_{\theta}=\frac{d}{d\theta}|_{\theta=0}p\cdot e^{i\theta},$ $P\in P$ $P$ $S^{1}$ - .
$V>0$ – . $.P$
$g_{P}(u, v):=g_{M}(d\pi(u), d\pi(v))+V^{-2}(u)^{}(v)$ , $u,$ $v\in TP$ (2)
.
2 $S^{1}$ $P$ $g_{P}$ , , $g_{P}$
$\hat{H}:=\sqrt{\triangle_{P}}$ $S^{1}$ .
2 $$ Sl- .
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3 $g_{P}$ $P$ 2
$L^{2}(P)$ 2 :
$L^{2}(P)=\oplus \mathcal{L}_{m}7n\in \mathrm{Z}^{\cdot}$ (3)
L7 2 2 $L^{2}(P)$ :
$\mathcal{L}_{m}$ $:=\{f\in L2(P) ; R_{z}f=z^{-}fm, z\in S^{1}\}$ . (4)
, $(R_{z}f)(p):=f(p_{Z)}$ $S^{1}$ $L^{2}(P)$ .
. , .
$\hat{H}=\sqrt{\triangle_{P}}$ , $L^{2}(P)$ $\hat{H}$ $\mathrm{f}$
, . $S^{1}$ $S^{1}$
$L^{2}(P)$ $R$ , . $\hat{H}$ Sl- ,
$R$ , , $S^{1}$ . ,
$\hat{H}$
$S^{1}$ . $\mathcal{L}_{m}$ ,
$S^{1}$ , $S^{1}\ni z\vdash\Rightarrow_{Z^{-7}}n\in S^{1}$
I




1 $$ $B$ : $d_{=\pi^{*}}B$ . $B$ $M$
2 , $M$ . - , $S^{1}$ $\pi$ : $Parrow M$
$$ , $M$ 1 $A$
, $dA=B$ . , 1 $A$ $B$
, $A$ , $\hat{H}_{7}$
. ..
$P\cross \mathrm{C}$ ( $\mathrm{C}$ ) $S^{1}$ - :
$z(p, w)=$ ($pz^{-1},$ $\chi_{7}$ $(z)w$ ), $z\in S^{1},$ $(p, w)\in P\cross \mathrm{C}$ , (5)
, $\chi_{7}$ $(z)=z^{77l}$ . S $L^{7n}$ $M$
. $L^{7n}$ $\mathrm{C}$
. , $P$ $$ $L^{7n}$ ,
$\nabla_{m}$ . $M$ ( $1/2\pi$ ) $L^{7n}$ 2
$L^{2}(M, L^{m})$ $\langle$ .
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4 $P$ $f\in C_{\ovalbox{\tt\small REJECT}}^{\infty}(P)\cap \mathcal{L}_{m}$ 2 $L^{m}$ $U_{7n}f$
:
$U_{m}f(x)=[p, f(p)]\in L^{7n}$ , $x\in M,$ $p\in P,$ $\pi(p)=x$ . (6)
2 $U_{7n}$ $U_{7n}$ : $\mathcal{L}_{m}arrow L^{2}(M, L^{7}n)$ . 2
$L^{2}(M, L^{m})$ .
$U_{m}\hat{H}_{m}LI_{7}^{-}n1=\sqrt{\nabla_{77l}^{*}\nabla_{7}n+77l^{2}V^{2}}$ (7)
2 $\nabla_{7n}^{*}$ $\nabla_{m}$ $L^{2}-$ .
4 $\hat{H}^{2}$ , $\nabla_{7n}^{*}\nabla_{n},+m^{2}V^{2}$ – ) $\nabla_{m}^{*}\nabla_{m}^{*}$
. $A=\Sigma A_{i}dx^{i}$
,
$\nabla_{\tau n}^{*}\mathrm{v}_{70}=-\frac{1}{\sqrt{G}}\sum_{i,j=1}^{7l}(\frac{\partial}{\partial x^{j}}+nx\sqrt{-1}A_{j})gij\sqrt{G}(\frac{\partial}{\partial x^{i}}+n\tau\sqrt{-1}Ai\mathrm{I}$ (8)
. , $(g_{ij})$ $M$ ) $(g^{ij})=(g_{ij})^{-1},$ $G=\det(g_{ij})$
. , $nx$ ( ) $h^{-1}$
. ) (7), (8) $\hat{H}_{m}$ , $-\nabla V$
( $\nabla$ ) $dA=B$ 1, $-1$
( 2 ) )
.
3 2 $V$ . $=0$
, , $M$ $\mathrm{V}^{7}$ #
. $P$ $g_{P}$ (2) $V$ $M$
1 .
3 Magnetic flow




If $(x, \xi)=\sqrt{||\xi||^{2}+V^{2}}$ , $\Omega=\Omega_{M^{-\pi_{M}^{*}}}B$ , (9)
, $||\xi||$ $\xi$ $g_{M}$ q’ $\Omega_{M}$ $T^{*}M$
, $\Omega_{M}=\Sigma_{i=1}^{n}dX^{i_{\wedge d}}\xi i$ 2
. $X_{H}$ $H$ $\zeta$} .
110
3 $X_{H}$ 1 $-$
$\Sigma_{e}=H^{-1}(e)(e>V)$ $\varphi_{t}^{e}$ 2 $B$ magnetic flow
.
4 $V=0_{2}B=0$ 2 $\varphi_{t}^{e}$ - .
, $S^{1}$ .
, magnetic flow $S^{1}$ $T^{*}P$ “ ”
.
, $P$ $S^{1}$- :
$z(p, \zeta)=(p_{Z^{-}Z},\zeta 1*),$ $z\in S^{1},$ $(p, \zeta)\in T^{*}P.$ (10)
, :
$\Phi$ : $T^{*}Parrow \mathrm{R},$ $\Phi(p, \zeta)=\zeta(\partial_{\theta})$ , (11)
, $\partial_{\theta}$ $P$ $S^{1}$ - . , $Z=\Phi^{-1}(1)\subset$
$T^{*}P$ $2n+1$ , $S^{1}$ $Z$
$B=Z/S^{1}$ . “Marsden-Weinstein ”
.
5 $B$ , $Z$ $\tilde{\Omega}$ –
:
$\iota^{*}\Omega_{P}=\Pi^{*}\tilde{\Omega}$ , (12)
, $\iota$ : $Z\mapsto T^{*}P$ , $\Pi$ : $Zarrow B$ 2 $\Omega_{P}$ $T^{*}P$
.
$(B,\tilde{\Omega})$ .











, $f([p, \zeta])=\tilde{\Pi}(p, \zeta)$ . 2 $f$ $B$ $T^{*}M$ 2 $f^{*}\Omega=\tilde{\Omega}$
.
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2 $\hat{H}=\sqrt{\triangle_{P}}$ \mbox{\boldmath $\sigma$}(H^) :
$\sigma(\hat{H})(p)\zeta)=\sqrt{g_{P}(\zeta,\zeta)}$ .
$\sigma(\hat{H})$ $\Omega_{P}$ $\phi_{t}$ , $(P, g_{P})$
. $\{\sigma(\hat{H}), \Phi\}=0$ ( $\{,$ $\}$ ) , $\phi_{t}$ $T^{*}P$
$S^{1}$ - , , $\phi_{t}$ $Z=\Phi^{-1}(1)$ . $\phi_{t}$ $-$
$Z$ $Z_{e}=\sigma(\hat{H})^{-}1(e)\cap Z$
$\phi_{t}^{e}$ . $Z_{e}$
$T^{*}P$ $2n$ . , .









$f\Pi_{0}=\tilde{\square }|_{Z_{\text{ }}}$ .
7 , $T^{*}P$ $\phi_{t}$ $Z_{\text{ }}/S^{1}\subset B=Z/S^{1}$
, $f$ : $(B,\tilde{\Omega})arrow(T^{*}M, \zeta 1)$ $\Sigma_{e}$ magnetic
flow $\varphi_{t}$ .
5 (magnetic flow) $\varphi_{t}^{e}$ 2 $T^{*}P$ ( )
. - 2 2
$\hat{H}=\sqrt{\triangle_{P}}$
$\mathcal{L}_{m}$ . $\text{ }$
2 $S^{1}$ 2
$S^{1}$ 2 2
$\hat{H}_{7\text{ } ^{ }}$ $\hat{H}$ “ ” .
, .
8 $\Sigma$ $\subset T^{*}M$ $a\in C^{\infty}(\Sigma_{e})$ 2 $T^{*}P\backslash \mathrm{O}$ (“$0$ ”
) $S^{1}$ - $0$ $\tilde{a}\in C^{\infty}(T^{*}P\backslash \mathrm{O})$
2 $Z_{e}$ :
$\Pi_{0}^{*}a=\tilde{a}|z_{\mathrm{e}}$ . (13)
2 $T^{*}P\backslash \mathrm{O}$ $S^{1}$ $0$ $\tilde{a}$ \Sigma $a$
$Z_{e}$ 2 (13) .
112
. $Z_{e}$ $-$ \mbox{\boldmath $\sigma$}(#)-l(e) $\subset T^{*}P$
, $Z_{e}$ 0*a $\sigma(\hat{H})^{-}1(e)$
. , – .
$a_{0}\in C^{\infty}(\sigma(\hat{H})^{-}1(e))$ . , $T^{*}P\backslash \mathrm{O}$ $0$
. , $\tilde{a}_{0}(p, \zeta)=a_{0}(p, \frac{e\zeta}{\sigma(\hat{H})(p,\zeta)})$ . , $(p, \zeta)\in Z_{e}$
,
$\tilde{a}_{0}(p, \zeta)=a_{0}(p, \zeta)=\Pi_{0}^{*}a(p, \zeta)$ . (14)
, $\tilde{a}$ :
$\tilde{a}(p, \zeta)=\frac{1}{2\pi}\int_{S^{1}}\tilde{a}_{0}(e^{i\theta}(p, \zeta))d\theta$ .
, $\tilde{a}$ $S^{1}$ -
$\dot{J}$ 0*a $Z_{e}$ Sl-
(14) $Z_{e}$ (13) . . I
4
, magnetic flow $\varphi_{t}^{e}$ $\hat{H}_{m}$
$nxarrow\infty$ ( $harrow \mathrm{O}$ ) “ ”
. ,
, .
$e_{1}(nx)\cdot\leq e_{2}(m)\leq\cdots\uparrow\infty$ H7 . , $e_{j}(n\tau)arrow$
$\infty(jarrow\infty)$ , 2 3 , , 4 .
$e>V$ 1 . $e$ 3 .
, $m\in \mathrm{Z}$ $\mathrm{R}$ $I$
$N_{m}(e)$ $=$ $\{j\in \mathrm{N};|e_{j}(m)-noe|\leq 1\}$ ,
$N_{7n}(e;I)$ $=$ $\#\{(j, k)\in N_{m}(e)\cross \mathrm{N};e_{k}(m)-e_{j}(\mathrm{t})\in I\}$
. , $N_{7}$ $(e)$ , 1
$N(\lambda)$ ( $\lambda$ ) .
4 $\tau$ $\{e_{k}(m)-e_{j}(m)\}j,k,m\in \mathrm{N}$ $e$ (
) , $\tau$ $I$ 2
$\lim_{7narrow\infty}N_{m}(e;I)=\infty$ . $e$
$s$ -D\mbox{\boldmath $\sigma$} $arrow$ .
9 $e>V$ 2 $s- D\sigma_{e}$ $\hat{H}=\sqrt{\triangle_{P}}$
1 $D\sigma(\hat{H})$ .
113
. $\tau\in s- D\sigma_{e}$ , $I$ , $\tau$ . $n\tau\in \mathrm{N}$
, $\lambda_{m}=nxe+1$ , $\lambda_{m}$ $nx$ ,
$N_{m}(e;I)\leq N(\lambda_{m}; I)arrow\infty(marrow\infty)$ (15)
. $N(\lambda;I)$ $\lambda$ (15) $N(\lambda;I)arrow$
$\infty(\lambdaarrow\infty)$ . $I$ . I
6 9 $T^{*}P$ 2 $s- D\sigma_{e}$ 2
. , Helton ( 1) 2
$s- D\sigma_{e}$. $\subset D\sigma(\sqrt{\triangle_{P}})=\frac{2\pi}{T}$Z.
, 4 .
3 magnetic flow $\varphi_{t}^{e}$ $0$
. 2 $s- D\sigma_{e}=\mathrm{R}$ .
, 4, 3 .
1 magnetic flow $\varphi_{t}^{e}$ $0$ ,
2 $\tau$ 2 $\mathrm{N}\ni nx\iota\uparrow\infty(l\uparrow\infty)$ , $il\in N_{7n_{l}}(e)$ ,
$k_{l} \in\acute{\mathrm{N}}\text{ ^{ }}\lim_{\inftyarrow}(elk_{l}(m_{l})-e_{jl}(m_{l}))=\tau$ .
5
, . , .
$e>V$ . $V$ , (2) , $e$
. , $\Sigma$ $=H^{-1}(1)$ .
, $H$ 2 $T^{*}M$ $H(x, \xi)=\sqrt{||\xi||2+V2}$
. , $\Sigma_{e}$ $d\omega_{e}$ 2
$L^{2}(\Sigma_{e})$ , 1 $U_{t}^{e}$ ,
$U_{t}^{e}a=a\circ\varphi_{t}^{e},$ $a\in L^{2}(\Sigma_{\text{ }})$ . , Stone-von Neumann
Ut :
$U_{t}^{e}=\mathit{1}_{\mathrm{R}}^{e}.it\lambda dE_{e}(\lambda)$ . (16)
$L^{2}(\Sigma_{e})$ $S_{e}$ :
$S$ $=J_{\mathrm{R}}^{\cdot}\lambda dE_{e}(\lambda)$ . (17)
S , $H$ $\Omega$
$X_{H}$ L2- .
114
10 magnetic flow \mbox{\boldmath $\varphi$}t $\mathrm{S}\mathrm{p}\mathrm{e}\mathrm{C}(Se)=\mathrm{R}$ . ,
$\mathrm{S}\mathrm{p}\mathrm{e}\mathrm{C}(Se)$ 2 S . .
10 . , Helton (1)
, [G], [H] .
, $S_{e}$ $\mathrm{S}_{\mathrm{P}^{\mathrm{e}\mathrm{C}}}(S.\text{ }).\text{ }$ . $E_{e}.\cdot$. (support)
. ,
$\mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}(S\text{ })=\cap$ { $I\subset \mathrm{R};I$ $E$ $(I)=\mathrm{I}\mathrm{d}$ },
. .
S. Zelditch [Z2] “ ”
.
$m\in \mathrm{Z}$ , $\{\varphi_{j}^{m}\}j\in \mathrm{N}$ $L^{2}(P)$ L7
$\hat{H}_{7n}$ . $L^{2}(P)$
$S^{1}$ - $A$ , $e$ “
”, $\langle A\rangle_{e}$ :
$\langle A\rangle_{e}=\lim N_{m}7narrow\infty(e)^{-}1j\in N7\mathcal{R}(\sum_{e)}\langle A\varphi_{j}^{7n}, \varphi_{j}^{m}\rangle$
, (18)
, $N_{m}(e)$ $N_{m}(e)$ $N_{7}$ $(e)=\# N_{7}$ $(e)$ . (18)
$A$ .
$A$ , $0$ (18) , Guillemin-
Uribe [G-U1], [G-U2], Zelditch [Z1] Szeg\"o
.
4 (Guillemin-Uribe, Zelditch) magnetic flow $\varphi_{t}^{e}$
$0$ . 2 $P$ $S^{1}$ - $0$
$A$ .
$j \in N_{\tau n}\sum_{)(\text{ }}\langle A\varphi_{j}m, \varphi_{j}^{m}\rangle=2(2\pi)-nn-1\int_{\Sigma_{\mathrm{e}}}m\sigma(A)d\omega_{e}+o(m-1)n$, (19)
, (19) d\mbox{\boldmath $\omega$} 2
$\sigma(A)$ $A$ ..
7 (19) $\sigma(A)$ $T^{*}P\backslash \mathrm{O}$ .
$A$ $S^{1}$ - , \mbox{\boldmath $\sigma$}(A) $S^{1}$
2 8 2 $\Sigma_{e}$ . (19)
. 2 (19) 2 $A=1$ 2








$P$ 1 H^ $=\sqrt{\triangle_{P}}$ , $L^{2}(P)$
$e^{it\hat{H}},$ $t\in \mathrm{R}$ , .
$e^{it\hat{H}}f$ $=$ $\sum_{m\in \mathrm{Z}j}\sum_{=1}^{\infty}e\langle ite_{\mathrm{j}}(m)f, \varphi_{j}^{m}\rangle\varphi_{j)}^{m}$ (20)
$f$ $=$ $\sum_{m\in \mathrm{Z}}\sum_{j=1}^{\infty}\langle f, \varphi_{j}^{m}\rangle\varphi_{j}^{m}\in L^{2}(P)$ . (21)
$f\in C^{\infty}(P)$ $u(t,p)=$ $e^{it\hat{H}}f(p),$ $p\in P$ , $u(t,p)$
$\mathrm{R}\cross P$ , .
$\frac{\partial u}{\partial t}$ $=$ $i\hat{H}u$
$u(0,p)$ $=$ $f(p)$
5(Egorov) $P$ 7 $\hat{H}$ : $C^{\infty}(P)arrow C^{\infty}(P)$ 1
. , \mu $A$ ,
$(\mu\in \mathrm{R})$ 2 $e^{it\tilde{H}}Ae^{-it\hat{H}}$ \mu , 2





, $A(t)$ , $a(t)$ ,
$a(t)$ (22) ,
.
$a’(T)=\{\sigma(\hat{H}), a(t)\}$ . (23)
, $\{$ , $\}$ . (23) $\sigma(A)\text{ }\phi t$ ,
.
9 5 $A$ , 1 .
2 .
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11 magnetic flow \mbox{\boldmath $\varphi$}t $0$ .
2 $S^{1}$ - $P$ $0$ $A$ 1 . 2
$f\in C_{c}^{\infty}(\mathrm{R})$ 2
$m_{A}^{e}(f):= \lim_{7narrow\infty}N(me)^{-}1j\in N_{7}n(\text{ }\sum)\sum_{k}f(e_{k}(m)-e_{j}(m))|\langle A\varphi_{j}m, \varphi_{j}^{m}\rangle|^{2}$ (24)
.
. $A,$ $f$ , $R>0$ , $L^{P}$
:
$A_{f}$ $=$ $\frac{1}{2\pi}\int_{\mathrm{R}}\hat{f}(t)e^{it\hat{H}}Ae^{-i}dt\hat{H}t$ ,
$A_{f}^{R}$ $=$ $\frac{1}{2\pi}\int_{-R}^{R}\hat{f}(t)eit\hat{H}Ae-it\hat{H}dt$ ,
, 1 $f\in C_{c}^{\infty}(\mathrm{R})$ Fourier
$\hat{f}(t)=\int_{\mathrm{R}}e^{-ixt}f(x)dx$
. , Egorov ( 5) , $A_{f}^{R}$ $P$ Sl-
$0$ . ( $A_{f}$ ) $\hat{f}$
Schwartz ,
$||A_{ff}^{R}-A||arrow 0(Rarrow\infty)$ ,
, $||\cdot||$ . , $\langle A\rangle_{e}$ $|\langle A\rangle_{\text{ }}|\leq||A||$
, $\langle A^{*}A_{f}\rangle_{e}$ . , (20)
, $m^{\text{ }}(f)=\langle A^{*}A_{f}\rangle_{e}$ I
11 $m_{A}^{e}$ $C_{c}^{\infty}(\mathrm{R})$ , $\mathrm{R}$ Borel
$.\text{ }dn\mathrm{Z}^{e}$ .
$a\in L^{2}(\Sigma_{e})$ E $d\mu_{a}^{e}$
. , $\mathrm{R}$ Borel A , $\mu_{a}^{\text{ }}(\Lambda)=||E$ $(\Lambda)a||^{2}$
.
12 ( $\mathrm{Z}\mathrm{e}\mathrm{l}\mathrm{d}\mathrm{i}\mathrm{t}\mathrm{c}\mathrm{h}[\mathrm{Z}2]$ ) magnetic flow $\varphi_{t}^{e}$
$0$ . 2 $P$ $S^{1}$ - $0$
$A$ f $dm_{A}^{e}=d\mu_{\sigma}^{e}(A)$ .
. Egorov ( 5) $t\in \mathrm{R}$ , $A(t)=e^{it\hat{H}}Ae^{l\hat{H}}$
$S^{1}$ - $0$ , $Z_{\text{ ^{ }} }\sigma(A)\text{ }\phi_{t}^{e}$
( 3 ). $T^{*}P$ Sl-
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8 $\Sigma_{e}$ 7 $U_{t}^{\text{ }}\sigma(A)$
. , 4 ,
$(U_{t}^{\text{ }}\sigma(A), \sigma(A))L^{2}(\Sigma_{\mathrm{e}})=\langle A^{*}A(t)\rangle_{e}$
. , $f\in C_{c}^{\infty}(\mathrm{R})$ (16) ,





. 10 ) .
1magnetic flow $\varphi_{t}^{e}$ $0$ .
, Spec(Se)\subset s-D\mbox{\boldmath $\sigma$} .
. $\tau$ $e$ : $\tau\not\in s- D\sigma_{\text{ }}$ . )
3 $\tau$ $I$ , $\{m_{l}\}_{\iota\in \mathrm{N}}$ , ) $C>0$
) $nx_{l}\uparrow\infty(l\uparrow\infty)$ .\acute $l\in \mathrm{N}$ $N_{m_{l}}(e;I)\leq C$
. $f\in C_{c}^{\infty}(\mathrm{R})$ $I$ , $L^{2}(\Sigma_{e})$
$f(S_{\text{ }})$ . $P$ $S^{1}$- $0$ $A$
12 ,
$(f(S_{e})\sigma(A), \sigma(A))_{L^{2}(\Sigma_{e}})$ $=$ $\int fd\mu_{\sigma(A})$
$=$ $\int fdn\mathrm{t}_{A}$
$=$ $\lim_{7narrow\infty}S_{m}(A, f.)$
$=$ $\lim_{larrow\infty}s_{m_{l}}(A, f)$ ,
,
$S_{m}(A, f)=N_{7}$
$(e)^{-}1 \sum_{j\in N_{\gamma}n(\text{ })k\in \mathrm{N}}\sum f(e_{k},(n\mathrm{t})-e_{j}(n\mathrm{t}))|\langle A\varphi_{j}m, \varphi_{k}^{1n}\rangle|^{2}$
.
. , $S_{m_{l}}(A, f)$ :
$|S_{77l}(\mathrm{t}A, f)|$ $\leq$ $||A||^{2}\mathrm{s}\iota 1x\in \mathrm{R}\mathrm{P}|f(X)|^{2_{\frac{N_{m_{l}}(e_{y},I)}{N_{m_{l}}(e)}}}$
.
$\leq$
$C_{\text{ }}||A||^{2} \sup_{x\in \mathrm{R}}|f(X)|^{2}N_{m}(\iota e)^{-}1$ . (25)
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7 , $N_{m_{l}}.(e)arrow\infty(larrow\infty)$ , (25) $0$ .
, $(f(S_{e})\sigma(A), \sigma(A))_{L^{2}}(\Sigma_{\text{ }})=0$ . 8 $a\in C^{\infty}(\Sigma_{e})$
, $(f(S_{e})a, a)_{L^{2}(\Sigma_{6}})=0$ . , $a,$ $b\in C^{\infty}(\Sigma)\text{ }$ ,
$(f(S_{\text{ }})a, b)_{L^{2}(\Sigma_{\mathrm{e}})}= \frac{1}{4}\sum_{n=0}^{3}i^{n}(f(s_{\text{ }})(a+i^{n}b), a+i^{n_{b)_{L}}}2(\Sigma_{\mathrm{e}})=0$.
, $f(S_{\text{ }})=0$ . $f\in C_{c}^{\infty}(\mathrm{R})$ $I$
, $\tau$ $E_{e}$ , $\mathrm{s}_{\mathrm{p}\mathrm{e}\mathrm{C}}(S\text{ })$ . I
10 1 , Helton ( 1)
. .
6 magnetic flow ( )
, . , $e$ magnetic flow
\mbox{\boldmath $\varphi$}t , $\hat{H}_{7n}$
$e$ , )
. , magnetic flow $\varphi_{t}^{e}$ , $s- D\sigma_{e}$
. , 2 .
1. $P=S^{3}=\mathrm{S}\mathrm{U}(2)$ , $M=- S^{2}$ . $\mathrm{S}\mathrm{U}(2)$ $su(2)$
$\langle A, B\rangle_{su(2)}=2\mathrm{T}\mathrm{r}(B*A)$ . ,
$e_{1}= \frac{1}{2}$ , $e_{2},= \frac{1}{2}$ , $e_{3}= \frac{1}{2}$
$su(2)$ , .
$[e_{1},.e_{2}]=e_{3},$ $[e_{2}, e_{3}]=e_{1)}[e_{3}, e_{1}]=e_{2}$ .
, $su(2)\cong \mathrm{R}^{3}$ , $su(2)$ $-$ $\mathrm{R}^{3}$ –
. , 2 $M$ $\mathrm{S}\mathrm{U}(2)$ $e_{1}$ :
$M=\{pe_{1p^{-1}}\in su(2);p\in \mathrm{S}\mathrm{U}(2)\}$ .
, $su(2)\cong \mathrm{R}^{3}$ $\langle$ , $\rangle_{su(2)}$ ) $M$
$g_{M}$ 1 . , $\pi$ : $Parrow M$ ,
$\pi(p)=pe_{1}p-1$ , $M$ $S^{1}$ . , $P$ 1 $$
:
$(A)= \frac{1}{2}\langle A, e_{1}\rangle_{su(2)},$ $A\in su(2)$ .
119
, $\partial_{\theta}=2e_{1}$ . , 1 $$ $M$
$-(1/2)$ . $V>0$ , $P$ $\mathit{9}v$
.
$g_{V}(u, v)=g_{M}(d \pi(u), d\pi(v))+\frac{1}{4V^{2}}\langle(u), \theta(v)\rangle_{su(2)}$.
, $\uparrow$) $-$ $(P, g_{1/2})$ 2 .
13 $e(>V)$ magnetic fllow $\varphi_{t}^{e}$ 2
$T(e)=2\pi\sqrt{\frac{e^{2}}{e^{2}-c}}$ . 2 $c=V^{2}-1/4$ .
13 , magnetic flow , $H$
$V$ $V$ ,




$\lambda_{p}^{V}(m)=-"\sqrt 2(2p+|m|+1)^{2}+4cm^{2}-1$ , $p=0,1,2,$ $\ldots$ ,
, $\lambda_{p}^{V}(nx)$ $2p+|nx|+1$ ([Kul] ).
2 1- $e>V\geq 1/4$ 7, $s- D\sigma$ $= \frac{2\pi}{T(e)}\mathrm{Z}$ $\circ$ .
. $m>0$ . $|\lambda_{p}^{V}(m)-noe|\leq 1$ ,
$C_{-}(m)\leq p\leq C_{+}(nx)$ (26)
. ,
$C_{\pm}(m)= \frac{\sqrt{4(e^{2}-C)m^{2}\pm 8em+5}-m-1}{2}$
. $C_{+}(m)-C_{-}(m)\geq 4enx/\sqrt{4(e^{2}-c)\eta+25}$ , $V>1/4$ ,





2. $\mathrm{H}_{1}^{\mathrm{r}\mathrm{e}\mathrm{d}}$ “ ” Heisenberg ([F] ). , $\mathrm{H}_{1}^{\mathrm{r}\mathrm{e}\mathrm{d}}$
$\mathrm{R}^{2}\cross S^{1}$ , :
$(x, y, e)2\pi it$ . $(X”, y, e^{2\pi})it^{l}=(_{X+X’}, y+y’, e^{2}-y’)))\pi i(t+t’+(1/2)(xyx’$ .
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, $\Gamma=\{(k, n, e^{\pi ikn})\in \mathrm{H}_{1}^{\mathrm{r}\mathrm{e}\mathrm{d}}\}$ $\mathrm{H}_{1}^{\mathrm{r}\mathrm{e}\mathrm{d}}$ . $\Gamma$ $\mathrm{H}_{1}^{\mathrm{r}\mathrm{e}\mathrm{d}}$
, , $P=\mathrm{H}_{1}^{\mathrm{r}\mathrm{e}\mathrm{d}}/\Gamma$ . , $P$ 2
$M=\mathrm{T}^{2}=\mathrm{R}^{2}/\mathrm{Z}^{2}$ \mbox{\boldmath $\pi$} : $Parrow M,$ $\pi([x, y, e^{2\pi}]it)=(x, y)$ modl
$S^{1}$ . $P$ 1 $$ .
$=2 \pi(dt+\frac{1}{2}(_{X}dy-ydX))$ .
, $$ $M$ $2\pi$ .
$P$
$g_{P}$ , (2) , $V=2\pi$ .
14 $e>2\pi$ , nnlagnetic fllow $\varphi_{t}^{e}$
, , $e$ .
, :
, $\lambda_{p}(nx)$ $|nx|$ . ( $[\mathrm{G}_{-}\mathrm{w}]$ .)
3 $e>2\pi$ 2 $s- D \sigma_{e}=\frac{2\pi}{e}\mathrm{Z}$ .
. $\lambda_{p}(m)$ $|\lambda_{p}(nx)-noe|\leq 1$ ,
$C_{-}(nl)\leq p\leq c_{+}(m)$ (27)
. )
$C_{\pm}(m)= \frac{(nxe\pm 1)^{2}}{4\pi m}-\frac{2\pi m-1}{2}$ .
. $C_{+}(m)-C_{-}(m)=e/\pi\geq 2$ , $nx$ , (27)
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